7 140 centrifugation at 14,000 ×g for 20 min, 5µl of the supernatant were taken to a final volume of 141 50µl with buffer containing 10 mM Tris-HCl, 0.25M sucrose, 0.1 mM pyridoxal phosphate, 142 0.2 mM EDTA and 1 mM dithiothreitol. Decarboxylating activity was assayed in the 143 supernatant by measuring 14 CO 2 released from L-[1-14 C] ornithine or L-[1-14 C] lysine. The 144 reaction was performed in glass tubes with tightly closed rubber stopper, hanging from the 145 stoppers two disks of filter paper wetted in 0.5 M benzethonium hydroxide, dissolved in 146 methanol. The samples were incubated at 37°C from 15 to 120 minutes, and the reaction was 147 stopped by adding 0.5 ml of 2 M citric acid. The filter paper disks were transferred to 148 scintillation vials, and counted for radioactivity in liquid-scintillation fluid. In some cases, the 149 enzyme activity was calculated by measuring by HPLC the rate of diamine formation 150 (putrescine or cadaverine), after incubation of the cell extracts with different concentration of 151 L-ornithine or L-lysine.
152
Polyamine analysis 153 Both intracellular polyamines and polyamines generated in the culture media of the transfected 154 cells were measured by HPLC. Transfected HEK293T cells were collected in phosphate 155 buffered saline (PBS), pelleted, and the polyamines were extracted from the cells by treatment 156 with 0.4M perchloric acid. The supernatant obtained after centrifugation at 10,000xg for 10 9 187 Clustal omega sequence alignment program, revealed a high homology (93.64%) (S1 Fig) . 188 Since our preliminary experiments showed that both proteins behave similarly, we selected 189 Xenopus laevis for most experiments. 190 Next, we compared the gene structure of Xenopus laevis Odc paralogues with their respective 191 murine and human orthologues. Fig 1 shows that the xlAzin2 gene, like mouse Azin2 (mAzin2) 192 and human AZIN2 (hAZIN2), is formed by 11 exons (9 of them are coding exons), whereas 193 xlOdc and xlAzin1 contain 12 exons (10 coding exons), similarly to their murine and human 194 orthologues. The protein homology between the different orthologues of Xenopus laevis and 195 mice was analyzed by using the Align Sequences Protein BLAST (NCBI), and the results are 196 shown in Table 1 . The sequence homology of xlAZIN2 with respect to xlODC1 or mODC was 197 higher (65% and 63%, respectively) than that ofmAZIN2 (59%). In addition, sequence 198 similarity of mODC to xlODC1 was higher (82%) than that of xlAZIN2 (65%). The lowest 199 identity of xlAZIN2 was with xlAZIN1 (43%). These results indicate that although the genetic 200 structure of xlAzin2 is close to its mammalian orthologues, its protein sequence is closer to that 201 of Xenopus or mouse ODC proteins. [40, [44] [45] [46] [47] [48] whereas xlAZIN1, as reported for mammalian AZIN1 and AZIN2, lacks some 212 essential residues such as K69 and C360. These results indicate that, according to these putative 213 catalytic residues, xlAZIN2 appears to be closer to ODCs than to AZINs. Fig 2 also shows that 214 lower homologies were found in the ~70 amino acids residues of the C-terminal region. The
215
identity values of mODC with respect to xlODC1, xlAZIN2 and xlAZIN1 were 63%, 31% and 216 17%, respectively (S1 Table) . Since two adjacent segments in the C-terminal region of ODC
217
(segments S1 and S2 in S2 shows that the identity values among S1 segments from mODC and its amphibian homologues 221 (77%, 44% and 26%) were higher than those corresponding among the S2 segments (66%,
222
14% and 9%). To test the potential ornithine decarboxylase activity of xlAZIN2, HEK293T cells were 232 transiently transfected with xlAZIN2, and the decarboxylating activity was measured in 233 homogenates from the transfected cells. In parallel, cells were also transfected with the empty 234 vector and with plasmids containing the coding sequences of xlODC1 and xlAZIN1, in the 235 same vector as xlAZIN2. As displayed in Fig 3A, the homogenates from cells transfected with 236 xlODC1 showed, as expected, a high ODC activity in comparison to those from mock 237 transfected cells. In the case of xlAZIN2, the ODC activity was about 22% of the values found 238 for xlODC1, and much higher than that of xlAZIN1. Western blot analysis revealed that these 239 differences in ODC activity were not due to significant differences in protein expression levels. To corroborate the latter possibility, we next analyzed the influence of xlAZIN2 on polyamine 254 levels. For that purpose, we studied the influence of xlAZIN2 transfection on the polyamine 255 content of the transfected cells and on that of the culture media, after 16 h of the transfection. vector. A dramatic increase in putrescine levels was evident after transfection with xlAZIN2.
259
Unexpectedly, the major increment was observed for cadaverine, the diamine that is produced 260 by decarboxylation of L-lysine, with values about 3-fold higher than those of putrescine. The 261 analysis of the polyamine content of the culture media of the xlAZIN2-transfected cells also 262 showed that cadaverine was the most abundant polyamine, with values about 10-fold higher 263 than those of putrescine ( Fig 4B) . The finding that the cadaverine to putrescine ratio in the cell 264 cultures was about 3-fold higher than the diamine ratio in the cell extracts revealed that 265 cadaverine is excreted more efficiently than putrescine in this type of cells. Since it is known that mouse and rat ODCs are able to decarboxylate L-lysine, but less 281 efficiently than L-ornithine [49], we compared the levels of putrescine and cadaverine in cells 282 transfected with xlAZIN2 with those of the cells transfected with xlODC1, mODC or mAZIN2.
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Figs 4C and 4D show that the ratio cadaverine:putrescine in the cells transfected with any of 284 the two ODCs were lower than one, whereas in the case of xlAZIN2 this ratio was higher than 285 7. These results indicate that xlAZIN2 is more efficient to synthesize cadaverine than 286 putrescine under the cell culture conditions employed in the assays. In addition, in the cells 287 transfected with mAZIN2, only vestigial levels of cadaverine were detected, whereas 288 putrescine levels were similar to those of xlAZIN2 transfected cells ( Fig 4E) . All these results
289
clearly indicated that xlAZIN2 behaves as an enzyme that can decarboxylate both amino acids 290 L-ornithine and L-lysine to produce putrescine and cadaverine, respectively.
291
Kinetic analysis of the decarboxylase activity of xlAZIN2 292 The enzyme kinetic parameters were analyzed using cell homogenates from xlAZIN2-or 293 xlODC1-transfected HEK293T cells and different substrate concentrations. Table 2 shows that 294 in the case of xlAZIN2 the Km for L-lysine (1.06±0.25 mM) was lower than the Km for L-295 ornithine (6.57±1.75 mM), suggesting that the affinity of xlAZIN2 to L-lysine is higher than 296 the one to L-ornithine. The opposite was found for xlODC1, although here the affinity of 297 xlODC1 for L-ornithine was much higher than for L-lysine (Km Orn =0.023±0.008mM and 298 Km Lys =30.1±7.8 mM). Taking the ratio Vm/Km as an indicator of the catalytic efficiency of 299 each enzyme, the results presented in Table 2 indicate that xlAZIN2 was much more efficient 300 to decarboxylate L-lysine than xlODC1, whereas the opposite was found when L-ornithine was 301 the substrate. In parallel experiments, using enzymes purified by affinity chromatography with 302 anti-Flag beads, the Km values found were essentially similar to those presented in Table 2 . Vm is expressed as nmol of product formed per h and 10 6 cells. The ratio Vm/Km is 308 expressed in arbitrary units. cycloheximide treatment. Fig 7A shows that xlAZIN2 is a short-lived protein (t 1/2~ 34 min) 348 with a metabolic turn-over higher than that of xlODC1 (t 1/2~ 136 min), under the same analytical conditions ( Fig 7B) . In addition, the great reduction in the degradative rate elicited 350 by treatment with MG132, a potent inhibitor of proteasomal degradation, shown by Fig 7C,   351 suggests that xlAZIN2 can be degraded by the mammalian proteasome in a similar way to that 352 of their mammalian orthologues. Since it is very well known that the last 37 amino acid residues of the carboxyl terminus of 364 mammalian ODC play a relevant role in its rapid intracellular degradation [50, 51] , we decided 365 to analyze the relevance of this C-terminal region in the amphibian protein on the degradation 366 of xlAZIN2. For that purpose, we generated two mutated versions of xlAZIN2 and studied the 367 influence of the different antizymes (AZ1, AZ2, and AZ3) in the degradation of wild type 368 xlAZIN2, and in that of its C-terminal mutant forms, in the HEK293T-transfected cells. The truncated protein was not significantly affected by any of the other two antizymes ( Fig 8B) .
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Moreover, as shown in Fig 8C, the quimeric protein xlAZIN2-mAZIN2 showed against 382 antizymes a behavior similar to that found for xlAZIN2. This indicated that the substitution of 383 the C-terminal of xlAZIN2 by the corresponding region from mAZIN2, did not protect this 384 quimeric protein from the antizyme-induced degradation. Figs 9A and 9B also show that the 385 deletion of the C-terminal region of xlAZIN2 prevented its rapid degradation. The fact that 386 degradation of the quimeric protein xlAZIN2-mAZIN2 was decreased by MG132 ( Fig 9C) , as 387 already shown by the wild type protein (Fig 7C) , suggested that the proteasome participates in 388 the degradation of both proteins. Our results clearly indicate that xlAZIN2 is devoid of antizyme inhibitory capacity, since it 407 was unable to rescue ODC from the negative effect of AZ1 ( Fig 5A) . In addition, AZ1 did not 408 protect xlAZIN2 from degradation ( Figs 5B and 7C) , contrary to what was reported for 409 mAZIN1 and mAZIN2 [26, 37] .Unexpectedly, AZ1 accelerated the degradation of xlAZIN2 410 by the proteasome (Fig 7C) , as it was also observed for xlODC1 ( Fig 5A) , and as early 411 described for mammalian ODCs [14, 52] .
412
On the contrary, our findings unambiguously demonstrated that xlAZIN2 was able to 413 decarboxylate not only L-ornithine but also L-lysine, producing the diamines putrescine and 414 cadaverine, respectively (Figs 4A and 4B) . It was also clear that in the cultured cells transfected 415 with either xlODC1 or mODC, cadaverine was also produced but in a lesser amount than 416 putrescine ( Figs 4C and 4D ). These results are in agreement with early reports that showed that 417 ODC from rodent tissues was able to decarboxylate both amino acids, although L-lysine less 418 efficiently than L-ornithine [49] . The comparison of the kinetic parameters of xlAZIN2 with 419 those of xlODC1 showed that the affinity of xlAZIN2 for lysine is about 30-fold higher than 420 that of xlODC1, whereas the opposite was evident for ornithine. All these results reveal than 421 in Xenopus laevis there are two related genes (xlODC1 and xlAZIN2) coding for enzymes able 422 to decarboxylate both amino acids ornithine and lysine. Whereas the function of xlODC1 between the 21 amino acid C-terminal tail of xlAZIN2 or that of the quimeric protein with that 457 of mODC (14% and 9%, respectively, as shown in S1 Table) , our results support the contention 458 that different C-terminal amino acid sequences may lead to the interaction of these ODC FNGFQ in the S1 segments of mODC, xlODC1 and xlAZIN2/ODC2 (S2 Fig) , that according 474 to the above-mentioned structural study forms a short helical turn, suggests that this part of the 475 S1 terminal region may be critical for recognition by the proteasome. If this is the case, the 476 alteration of this sequence in the AZINs could make these proteins resistant to the degradative 477 stimulatory action of AZs.
478
Collectively, our study demonstrates, firstly, that xlAZIN2, although having a gene structure 479 similar to those of mammalian AZIN2s, is not really an antizyme inhibitor, but an authentic 480 decarboxylase with preference for L-lysine as substrate. According to this, the name of xlLDC 
